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Abstract
The objective of present study is to determine the influence of component composition of pigment complex on the formation 
of color of rhubarb and gooseberry that defines consumer properties of these plant products. We report comparative study of rhubarb 
of the botanical varieties Monarch, Linney, Krupnochereshkovyy, Ogrski, and of gooseberry of the varieties Malachite, Pavlovsky 
green, Green urozhainyy, Green butylochnyy, zoned in the eastern regions of Ukraine. To determine the content of pigment complex 
substances of rhubarb and gooseberry, we used methodology by V. F. Gavrilenko and L. M. Khandobina. The method of the Interna-
tional Commission on Illumination (ICI) was applied for quantitative characteristic of color.
Results of research into qualitative and quantitative composition of pigment complex of berries of gooseberry and rhu-
barb stalks revealed that the main components are the chlorophylls whose overall content for different varieties of rhubarb is 
(3.7…4.5)∙10-3 %, for berries of gooseberry is (3.5…4.7)∙10-3 %. The color characteristics of the examined samples of gooseberry and 
rhubarb are correlated with the quantitative content of pigments in the raw materials and make it possible to determine the dominant 
tone (λd, nm) − green, color purity − green with shades of blue, brightness – green, light green, dark green, which coincide with the 
visual estimation of color.
We show expediency of the application of the ICI XYZ method to characterize the color, which considerably facilitates the 
estimation of color when assessing the quality of food products. 
Keywords: dominant wavelength, color purity, brightness, the International Commission on Illumination method.
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1. Introduction
Among the chlorophyll-containing fruits and vegetables that grow in Ukraine and 
which are used for processing in order to extend assortment of food products rich in natural 
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functional ingredients (chlorophylls, carotenoids, vitamins, mineral elements, dietary fibers), 
quite common are rhubarb and gooseberry. They are characterized by early ripening times 
and high annual yield. Products from rhubarb and berries of gooseberry are distinguished by 
high consumer properties and are in great demand among the population [1, 2]. At the same 
time, thermal treatment leads to the deterioration of physical appearance, especially color, 
compared with the raw materials. In this case, natural green color transforms into yellow or 
yellow-brown [3, 4].
It should be noted that the papers on the processing of rhubarb and gooseberry [1, 2, 5−7] 
fail to adequately address issues related to the pigment complex and its relationship with varietal 
differences, as well as to questions of maximal preservation of these components; not enough at-
tention is paid to chromaticity problems.
In some cases, color becomes a decisive indicator of quality, which, in line with the 
requirements of the standard or other normative documentation, defines the technical advan-
tages of the examined product. Such a relationship between quality and color is especially 
pronounced for the products of plant origin since this is predetermined by a close correlation 
between the color and the degree of ripeness of fresh fruits and vegetables. Most often, color-
ation is regulated as the attribute representative of a given vegetable variety or the property 
typical for a given fruit. A specific color is rarely specified, for example, red, pink for tomato; 
red-violet, blue-red for red cabbage.
The coloration of raw plant materials is predetermined by the presence of natural dyes − 
chlorophylls, carotenoids and flavonoids. The first two relate to lipoids because they are insoluble 
in water, but only in fats and organic solvents. Flavonoids belong to water-soluble substances. This 
classification is based on the properties of these compounds and is rather widely applied. The data 
accumulated up to now indicate that chlorophyll not only exerts the effect of its color on consumer 
properties of food products, but also improves nutritional value [3, 8].
The objective of present study is to determine the impact of component composition of 
pigment complex on the formation of the color of rhubarb and gooseberry, which characterizes 
consumer properties of these plant products.
2. Materials and Methods
We selected, for conducting the experiment, the berries of gooseberry of the varieties 
Malachite, Pavlovsky green, Green urozhainyy, Green butylochnyy, and the stalks of rhubarb of 
the varieties Monarch, Linney, Krupnochereshkovyy, Ogrski, from the Institute of Vegetable and 
Melon Cultivation of the Ukrainian Academy of Agrarian Sciences, the city of Merefa, Kharkiv 
oblast (Fig. 1, 2).
We used methodology by V.F. Gavrilenko and L.M. Khandobina to determine the con-
tent of pigment complex substances for rhubarb and gooseberry [9]. According to this method, a 
batch of fresh plant material (0.3…0.5 g) is thoroughly ground in a porcelain mortar with a small 
amount of organic solvent (2...3 cm3), pure quartz sand and magnesium carbonate. After holding 
for (2…3) min, the extract is taken on a glass filter and is filtered into a Bunsen flask using a wa-
terjet pump. The extraction of pigments with small portions of pure solvent is repeated on the filter 
3...4 times till full removal of the pigments. The last portions of the filtrate must be colorless. The 
extracts are quantitatively taken to a measuring flask of 50 cm3; the volume of the extraction is 
brought by pure organic solvent to the mark. The obtained extraction contains the sum of green and 
yellow pigments of the plant raw material.
Using the spectrophotometer SF-103 (NPKF Aquilon, Russia) (Fig. 3), we determined the 
intensity of light absorption by the resulting extraction of pigments at wavelengths corresponding 
to the maxima of absorption of pigments in a given solvent – 662 nm, 644 nm, 440.5 nm. Pigment 
concentration was calculated from formulae [10].
We used the International Commission on Illumination (ICI) method to quantitatively char-
acterize the color [11]. The purpose of the method is determining the process for measuring and 
estimating color characteristics (Fig. 3).
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Fig. 1. Gooseberry of the varieties: (a) Malachite; (b) Pavlovsky green;  
(c) Green urozhainyy; (d) Green butylochnyy
    
 a                                             b                                               c                                              d
Fig. 2. Rhubarb of the varieties: (a) Monarch; (b) Linney; (c) Krupnochereshkovyy; (d) Ogrski
 
Fig. 3. Spectrophotometer SF-103
This model is the closest to the perception of an actual observer. We measured spectra of the 
diffuse reflection of experimental samples using the spectrophotometer Techkon SP-810 (Techkon, 
Germany) in the range of 400...700 nm in a step of 10 nm and the number of cycles of accumulation 
of 20 (Fig. 4).
 
Fig. 4. Spectrophotometer Techkon SP-810
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Using the embedded software SFScan, we determined integral color coordinates X, Y, Z, con-
ditionally expressed in relative units of the ICE system; they are dimensionless. Applying the ob-
tained coordinates of color, we estimated specific coordinates (x, y), which enable determining of the 
following parameters − purity of the color (P, %), brightness (T, %), dominant wavelength (λd, nm).
Experiments were repeated five times in the course of research. Statistical processing of 
research results was carried out using a correlation-regression analysis. Experimental data were 
processed by the method of Fisher-Student at confidence level of 0.95. Results of the experiment 
were processed in the environment Microsoft Excel of the MathCad software package.
3. Experimental procedures. Exploring the composition of pigments and the color of rhubarb 
and gooseberry depending on the type of botanical and pomological varieties
We conducted comparative study of the botanical varieties of rhubarb, which are zoned in 
the eastern regions of Ukraine. To that end, we obtained extracts that contained coloring substanc-
es, from the stalks of rhubarb of the varieties Monarch, Linney, Krupnochereshkovyy, Ogrski, and 
acquired absorption spectra that characterize the presence of chlorophylls. Basic substances of the 
pigment complex of the examined varieties of rhubarb are given in Table 1.
Table 1
Basic components of the pigment complex of rhubarb
Content of pigment complex substances, 10-3, %
Botanical varieties of rhubarb
Krupnochereshkovyy Linney Monarch Ogrski
Chlorophylls: 3.8±0.3 4.1±0.3 4.5±0.4 3.7±0.3
chlorophyll а 2.7±0.2 2.9±0.2 3.3±0.3 2.7±0.2
chlorophyll b 1.08±0.09 1.17±0.09 1.3±0.1 1.08±0.9
An analysis of the obtained results showed that the main pigments that determine green 
coloration of rhubarb samples are the chlorophylls. Their total content is within (3.7...4.5)·10-3 %; 
in this case, the content of blue-green chlorophyll a is larger in the stalks of rhubarb of the variety 
Monarch – 3.3∙10-3 %, which are distinguished by dark green color, the lowest content of this pig-
ment is in rhubarb of the variety Ogrski, 2.7·10-3 %.  
Similar study was carried out for different varieties of gooseberry. Characteristic of the 
pigment complex of berries of gooseberry for different pomological varieties is given in Table 2.
Table 2
Comparative characteristic of the pigment complex of berries of gooseberry for different pomological varieties
Content of pigment complex substances, 10-3 %
Pomological varieties of gooseberry
Green butylochnyy Green urozhainyy Pavlovsky green Malachite
Chlorophylls: 4.3±0.3 3.5±0.3 3.6±0.3 3.9±0.3
chlorophyll а 3.1±0.3 2.5±0.2 2.6±0.2 2.8±0.2
chlorophyll b 1.2±0.1 1.04±0.08 1.05±0.08 1.11±0.09
As evidenced by the obtained data (Table 2), basic components of the chlorophyll complex 
of berries of gooseberry for different varieties are the chlorophylls a and b: their content in different 
varieties of gooseberry ranges within (3.5…4.3)∙10-3 %. It should be noted that the minimum content 
of chlorophyll a was found in berries of the variety Green urozhainyy − 2.49· 10-3 %; the maximum 
content is in the variety Green butylochnyy – 3.1∙10-3 %. These very pigments mainly determine 
green coloration of the berries of gooseberry.
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4. Results
The color of the examined samples is determined mainly by the presence of such colorants 
such as chlorophyll a and chlorophyll b. Other components do not significantly affect the coloring 
of stalks since their content is considerably less in comparison with the amount of chlorophyll. 
The content of chlorophyll (a+b) makes it possible to characterize the nutritional value of the 
product, but does not make it possible to fully assess its color, which is an important indicator of 
commercial estimation of food quality. In order to obtain a more objective assessment, we determined 
spectral reflection coefficients Rf for different varieties of rhubarb in the visible wavelength range 
400...700 nm, which allowed us to establish characteristics of color in a three-color ICI XYZ coordi-
nate system. Reflection spectra are shown in Fig. 5 for all botanical varieties of rhubarb (Fig. 5).
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Fig. 5. Reflection spectra of rhubarb samples: (1) variety Ogrski, (2) variety Linney,  
(3) variety Krupnochereshkovyy, (4) variety Monarch
In a given method, color is characterized by such parameters as brightness, color purity 
(of the basic tone), dominant wavelength (dominating tone) (Table 3). The dominant wavelength 
(λd, nm) for all samples is in the range 495...511 nm, that is, in the green spectral region of visible 
light. Brightness (R) varies from 40.7 % for rhubarb of the variety Monarch, to 52.6 % for rhubarb 
of the variety Ogrski. Color purity of the sample of rhubarb of the variety Monarch, which is char-
acterized by darker stalks, is 52.25 %. For other samples, 49.37…52.60 %. Organoleptic evaluation 
of the color of all samples of rhubarb, conducted in line with the standard, allows us to characterize 
it as green of different intensity [12].
Table 3
Color characteristics of rhubarb samples (Sr=0.05, n=5, p=0.95)
Botanical varieties
Dominant wavelength Brightness Color purity Visual assessment of  
samples’ colorλd, nm Т, % Р, %
Krupnochereshkovyy 508.9 50.6 50.23 green
Linney 510.5 51.7 49.37 green
Monarch 494.7 40.7 52.25 saturated green
Ogrski 510.7 52.6 52.60 light green
Similarly, we acquired spectral reflection coefficients Rf for the samples of different vari-
eties of gooseberry in the specified range. The calculated color parameters are given in Table 4.
Color purity of the sample of gooseberry of the variety Green butylochnyy whose ber-
ries are characterized by dark green color is 47.0 9 %. For other samples, color purity is from 
47.7 % to 52.6 %. Minimum brightness is demonstrated by gooseberry of the variety Green buty-
lochnyy − 38.8 %; for other samples, it is 50...53.6 %. Organoleptic evaluation of the color of all 
samples of gooseberry also allows us to characterize it as green of different intensity.
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Table 4
Color characteristics of the examined samples of gooseberry (Sr=0.05, n=5, p=0.95)
Pomological varieties
Dominant wavelength Brightness Color purity Visual assessment of  
samples’ color
λd, nm Т, % Р, %
Green butylochnyy 493.2 38.8 47.09 dark green
Green urozhainyy 511.6 52.6 50.04 green
Pavlovsky green 510.3 51.0 47.70 green
Malachite 511.8 53.6 52.59 green
The results of pigment content in rhubarb and gooseberry make it possible to evaluate their 
biological significance, as well as select required technological operations for maximum preserva-
tion of biologically active substances and natural coloration of raw materials. The obtained color 
characteristics allow us to predict, with a high probability, the character of changes of pigments 
during technological processing of raw materials and their quantitative composition. Since the 
reflection spectra measurement does not require lengthy preparation of samples, the color charac-
terization by color indicators can be considered an express-method, which considerably facilitates 
the work of specialists when selecting technological operations during processing of fruits and 
vegetables in order to preserve their quality.
5. Conclusions
1. Results of research into qualitative and quantitative composition of pigment complex of goose-
berry and rhubarb stalks showed that the main components are the chlorophylls whose overall content 
for different varieties of rhubarb is (3.7…4.5)∙10-3 %, for berries of gooseberry − (3.5…4.7)∙ 10-3 %.
2. The color characteristics of the examined samples of gooseberry and rhubarb correlate 
to the quantitative content of pigments in the raw materials and make it possible to determine the 
dominant tone (λd, nm), which is green; color purity, which is green with shades of blue; brightness, 
which is light green, dark green, which coincide with the visual assessment of color.
An important criterion of quality is the color, which for food, in most cases, is determined 
in accordance with the organoleptic standard, in other words, by a subjective method. Modern con-
sumer requirements to quality and safe products necessitates the use of new and the improvement 
of existing methods for evaluating color. 
The obtained characteristics are in good agreement with the visual assessment of color, 
which is why the specified spectral method could be employed in future when selecting formulation 
components, selecting the conditions for technological processing of fruits and vegetables, which 
would significantly facilitate the work of specialists.
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Abstract
We studied influence of the polyfunctional food supplement “Magnetofооd” on the technological parameters of rye-wheat 
dough semi-finished product and the finished product. A positive effect of the supplement “Magnetofооd” on the technological 
